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(57)Abstract 

PROBLEM TO BE SOLVED: To reduce, with a small 
loss, electrical stress applied to a switching element 
when it is turned off. and to increase the conversion 
efficiency of a DC-DC converter insulated by 
transformer. 

SOLUTION: Between a collector terminal and an emitter 
terminal of a transistor 3. a snubber circuit 1 3 consisting 
of a series circuit of a first and a second capacitor 14, 
15 for snubber and a diode 16 for snubber is connected 
Between the snubber circuit 13 and a connection 
between the emitter terminal of the transistor 3 and a 
negative pole terminal of a DC power supply 1 , a first 
regeneration circuit 1 7 consisting of a series circuit of a 
first reactor 1 8 for regeneration and a first diode 1 9 for 
regeneration is connected. At the point of the snubber 
13 and a connection between a primary winding 2a of a 
transformer 2 and the collector terminal of the transistor 
3, a second regeneration circuit 20 consisting of a series 
circuit of a second reactor 21 for regeneration and a 
second diode 22 for regeneration is connected 
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K 1 9 ©B?!llHlKd>e,j«5m 1 ©lU^ElK 1 7 

x-:>-/<|5lKl 3 t h7>'X2(DUjc#itl2aRt/h 

±m])Ti' h/l'2 lXUti^2©Is]feffl^^-<:*— K2 2© 
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[St ^9 1 ] mmmmnmmmmi^s^^iMt h 7 

;EUE©E«Ea;^ SrSl 9 W1- h 7 >';^i(fel&SD C - D C 
^l;i-Sg*sgi^$lvfcmi©^-:»-^<ffl='Vf'>'f-i:. St 

< i t m 1 ©3:^/i.^ga#S^* UioUE^ 1 
m2©±4g^t©PflK:ggSStbfcmi©lHl^lHlKt, '> 

1 ©±4S^ t ©Ffl^cgg^$^^yi:» 2 ©El^lHlKi Sr«;t 
fc r i «r#a t -r 5 f 7 Vj:^ilfiig:aD C - D C = 

[fl*92] mEi^l©lHl4tlH]SI©mi ©oi^/wdfS 
a^Sie^iJJcMiroialifflSjSt^^SrgiBEU S5fE» 

2 ©ig^lHlKOif 2 t I^IHC^ 2 © 
|Hl^^3giftl!l^F^giKUfclt*«l tc|a«© h7 v^ilfi 

h 7 l^:^ifei&MD C-D C =1 >'/^-^, 

[5f*«4l l5Sh7V;^©U!!!:#i^XUt2i!fe#i(^t 

fS*« 1 XI48«*9 2 »J:Eic© h 7 >:^1&mmD C - D 

tiiw©itia*aMi 

to 0 0 1 1 

[^W©JBi-5fi»5>»l *«Wlih7V;^itfeii;SDC 
DC-DC3 ^ICJS-rS, so 



[000 2] 

[««©a^gi aeftmait h7>';^©uji:«i6it;^'f J' 

E©iIii£ffi:^Srli t) ffli-filJ«© h 7 >';^i{^SD C-D 
C 3 w<- ^ ttSl3Rd» e,«^tS«Sf ©mSlsIK^Jc < 

[0 0 0 3] ms\c^-t^^ioh7>:^mm 
mm\zmm^ixtzi9:^m2a. 2jjc#ii2bRvia*L 

^ i^;^Sr*-r ■£ h7>y^2k. V7> 
^2©lft««Sl2attf?!K3V^^'SS^ («1©±« 
) ^S^S^ $ iM)^r>mmXR 1 ©l»«i«'7-(cx $ y ^ « 

^ (B2©^«g^) a^m&^iiit^'^ y'f-^ifm^tx. 

X(Oh7>i^:^^3t. h7>^2(02^mi^2b(0— 

mcmm^ixit9tmmif^*-h'4t. 2ftiSiii2b© 

K 5 i . mUFS it- K 4 lktS^m% ^4 ir- 

K5©^iK;^,^c-jgi5«iR$^^fcyT^' h/v-e yr 

if HA-ewflfeigi: 2i5c^S2b©te«t©ig|lwgigg$ii 

*if&Stt5iEei!tffi;'3tJEVo icjs CT b 7 ^ 3 © 

i:S^^I;tT^^^.. IP*.. H5© h7 v;^ifeg;SDC-D 
C3W<-^I1, h7>'5?x^'3;^:^>'«tfi©itCii; 
«Em2Il;4^5j lft#i^2aK:«tv5m»ftIol::J:!5 \-7y 
7. 2 -kmt-f ^hM^2 2 bd' ^-f 
h'4RWri^ V/i-6idH.XW-iS=^>7'>-^7RU'^ 
1$8»c«;^Srttif&Uv h7>'5?;^^'3«S;*-7*5«|©t* 

T¥?t => >1^ 7 s.t;A^Sf 8 7* 7- k;^ 

SaaiEIKSrtl^iH:, -3S©«3H©H^I« 

7 >i?7. 9 3 ©^-;^ffi^-»c:##-f •5SiJ»''^Vw^^^0 
KSPtiSSitbtuXV^S. Hlw. S5i;i^1-h7i^7>ite 
g:aDC-DC3>'x<-i'-CH:, h7 VS^;^^' 3©^' — 
>-:t7^lC h 7 2 ©SK-^ i^^^' >';^©in^./w:^ 

giKSixfcx-^y<ma;i lfi.^f;^•^A«a:^x>'•!M 
2 ^"^/^HB 1 0 «r h 9 3 ©3 

[0 0 0 4] ±E© ^7l';^it&&§!DC-DC3W^— 
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1 0©;^■:^/<ffig$tl l«r:ft-UT;«i-^>'<ffi3>TV1H 

^iS3l^/^:¥^iS;^,•^/^[5|Kl 0O7.:^/<^3yxV•^M 
2(cttif&$Jx5o ;^-t/^ffi = :^xi^1M 2<0 

3 - ^|c|6^-f-5 ^ / 'f X-^- 
*-Cfc;^-J-/<fflS$il lS:^Ut:ie5:«$it5. *fc. S9 

ffl!-?-5ri:»CiiJ, itaE«aRl©«JEEttt*<t5-J& 

[0 0 0 5] 

Illsgis^ji^Lipil-SSlS] tr5-c% lasted 

fcSiSv ^•:^''<ffi='>'x>'f-l 2 0«#S:ijc«-r5KK: 
^•f/'?ffi«Stl l**UTa««i«:JS«E*v5fc». X-*- 

y<m a 1 2 o)nmii^:^-i-^^mmi 1 1 txtg* 

;^-^^<ffl3Vf'v>M 2© 
^m^SiS/h^v^i&^e. ;^-:»-^<^SSil llcT^4-r so 

^•y:^(r>3^^/\^i>e^:^^^<m^i 0lcT»itSli-5fc*K 

y^«^r^©mi£±#^iS;*:#< Jit). rixJcJ:t)/W 

i^T^^lM 2Cfi^m«Sy!»S;^tV>^-^l±, f7>'-:?;^^' 

h 7 vv?;^ ^' 3 tcHofcsaaft:^ K v;^S:6»-r 5 r: i 40 

BaS-feiis^tSo UfciSoT. ;^:^^^IHlKl 0■C^i-^- 
5S;^7a^fe^cJ:*). h7>';^ifeiRSDC-DC3>'^- 

[0 0 0 6] ^-r-e, *5i?g»4;^'r s'^v^^sg^©^'- 

IgS D C - D C 3 Sr ft«i- 5 t Sr B W t i- 

[0 0 0 71 50 



^v^^iK-? Sr::*-^' • *7fSf^ r t J: 9 WIE h 7 
i'y^ © 2 t.SJ£¥?lilKSr:^ t T«ll5itiig«JS 

7>';^iteig;SDC-DC3V/<-^'-e»i, «rf5;^-?-^<lii 
Kfi, ttn5;^-f s'^:'^^5g^©mi©±«g^Flc-*SAsg 
iK$Jtfc«l©;^-:^^<ffl='>-7'>f-t. MIB^W'y^v 
^JH^roS 2 ©^iffi^ 2 ©;^:^/< 

fflaV'T'V'H^t, 85fei[l©:^-f^'«ffi3V7':^i^i:fltFf5 
m2©;^-?-/<ffl=iV7'>"9-t©raK:gSI$tufc;^-?-/^ffl 
SacSg^i %*L. i^*< t tmi ©3i:^/i^^»a^g 
?Sr* UjaoBiIfsm 1 © ■i-''<m = vf-©|t&«g t fitJlB 

X^' 7^ V^'^^©^ 2 ©Sffi^t ©KJCSi^Snfc^ 

l©|il5feIilKi:. iJ>*< i:t>»2©*;^i;i'dfSa#a«r 

^ tji-ottnam 2 ©;^-:^x<ffl a Vf*:^^-©^^^ WIH::^ 

s'^^'^'ig^©^ 1 ©±*a^t©iaiK:SiK$ixfcig2 

©|H]^felHlKt2:*ix.5. 

10 0 0 8 1 S'f^>'^^*^*5:*-X«fJB)5»e>:*-7!Rti 

hy>:^ ©laa^^/w^Jj: J; •) Hi RU^H 2 ©;^-?-/'^ffl 

iii^<o:t->mm'¥\^fis 1 Rt;« 2 ©:n^/w:^t»a¥S»^ 

i^B2St?ml©;^•:^^'5fflaVx>'•!M-fti^^?i^5= r 
ixiciD. ^•?-^<|plK©M«©SjEa5l60V*^P>#5>!r{j: 
±#1-5 ;^-f 7^:^^'Sl^-©MSJ»-?ia©«£E 

iSKO Vii»f>l!s*fc±#i-5©-e. ^4 yf-^^if^l-n 
^ - >;d-7^tcfc»t 5 M^^^ ©mJE±#^i5«)SiJ 

;^-^^<!5|K© J: 5 i::«:^7a5fe«:IS5fe1-5;^-t/<fflg^?r 

-f-^/^ x^f— s^mJE^l;: J; 9 7^ Vii^ig^iJg 
tt5«^56?)^H^^€:i£a*T-<SaT?#5. ^1 
XU^if 2 ©;^-^^^ffl = V7'v-!>-©m£E!^ii:«E«il©«E 

t Lxm^^iitzhy>':^<oW}m:^^ji'^tmiRX^fS 

2 ©3:;^;/^^fSg(^g©3:;^/^:¥ASi^ 1 RX^f^ 2 ©0^ 
|H]tS€r^bTKj!ltSil3^»dl»t¥^liIIS©Ul:^tlliciD^ 

^©3Ejftai*Srl«il±-C#5. 
[000 91 *^?g©-lliS©?gl!S© h 7 y:^mimD 

C-DC3W<-^'-CJ±. Wiami©lll5tElK©lgl© 
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ItrfSjg 2 ©H^EIteCfR 2 ©s^/w^Sff^a i j£ 

[0010] *is§iom©iiiS©?^«io h 7 :^;^ife&a 

tF29cl'|$l^aftl^^t-<&31$C#ll2:. 6E3i»:#l|j:iS 

[0 0 1 1 ] y'^>irm^<om^iS'f-m<omzim 

iS«jS©UESrai5t. h7>';x©li5;#SJiiiS*lSj 
v;^© 3 ft^«©«Eas»jifEsp?f igB©ffl;^mBESrSSt 
m2©;^-^/<«=i>'7'vf-|c«#t frSa^Jvfc h7 

>';^ ©Ja8^3l;^l/^:¥ fc m 1 xt^s 2 ©ai^yw^^s^a^fi: 

;^ai^j55^^^^ h7>';^i{6ieiS!DC-DC=>>'^<- 
!5'©^ifesa)*S:i«G±-et5, 4fc. ^'^^/I'^m^mc:^ 

©ffl»cfjfR-ct5. r©fcfe, yf'i^^^Sl^cili 30 

[0 0 12] 3f:%5got>?-o©flfeOlliS©?^fil©b7 
I'^lfe^SDC-DCaW^-^'-C'tt. mUh7>:^<0 

1 2 t m^t^^-r^ 3 jjc^ift t , St 3 

[0013] -y 9^ V^|g^roj^^^K©aEiStt 40 
«E®jlI©m£E?:ill;t5i:. h7:^;^©li5:MliKlciS*-(fi) 
l^HflEis^iDSJt. 3J>c#i8|»cmjE:^Ke$*^'5. h7 

© 3 9cM»itl©«E:iittilEttili©«E^«S;t ^t. 
7^7'fflSiffi«^iS^iii^«lt/j:t). miXO!m2©;7; 

m:^^/>^ tmi RVf^ 2 ©a:4;/wipga#g©aiJ^;/W 

7 ^^^^feiSMD c - D c 3 w<-^' ©3Egiai^^rsi±-c 
#5. Sfc, y^>ym^(om^ 50 



«g^F^©mjEis h 7 >^^© 1 iJc#i6l©Sg^mjE i iiLiSH 

S[©aEt©sfti©fif ^'^i't/^tivso-ex x-fy^v 

^^«^©W^«^IBI©«ffiSrlil!B©fiHc*JlfiTtS. r 

©fcft. ;^'ry^>^^^^©il±ffi^F^K:ii^;^i«jE*s 

[0 0 14] 

[«ll©ll«©Jgllll SkT. *5SW»cJ:s|.7>';^lte« 

MD C-D C 3 ©— ^1E©J^®^H 1 lwS-:5v^ 

TiftWrs, <i.U @l-C'l405tc^1-fiMilie«}i:: 

PI-©«»^cl4l5I-©^?•§•*#u. -toRw^^BS-f 

DC-DC = w<-^'ii, Bist;t|R2©;^-t^^^=3:^ 
f^i^-iA. 1 5 t;^-f^<«SiStiR^t U-c©;^-^>'<« 
K 1 6 t ©a[?«|iIK*»e>*5x-?-/^EIK 1 3 S: 

1 ©3i;^/w=¥S8i#e t LT©m 1 ©la^ffl y T ^ h 

/H 8iSl©lil^Sjj8L|g^iUT©«l©lil^^^ 
-f:^-Kl 9i©ii[?iJIilK*»e)^5«l©llI^(SlKl 7 
Sri^ 1 ©JX-^-y^ffi 3 Vt'V'IM 4 Rlf:^-r^m ^4 
K 1 6 ©giK^ th7>i^^f3(D^^ yfi^^RXflM. 

mmMi(ommiQ'}-<ommM.k<omicm^u ^2©^ 

*/^^^a#ai:LT©^2©IHl±ffl!>T^' h/V2 1 i 
if 2 ©Hl^SiiESfl^i: UT©m2 ©H^ffl^^^T;*— K 
2 2 i:©iff?iJlllK*»e>fie?>M2©Ii]^lHlK2 0?:;^:^/< 
^^/-rd—Kl 6Rl/^2<K>:^i-/<m^>7'y^l 5© 

h7V;^2©l»:#i8l2a&t;h7>'i?;^^ 3 
© 3 «g^©s?iKj^ t ©ra tfc t> © -Cfc 5. 
fiP^. ;^:^/<lH]Kl 3I±^ h7>'v7;*.^'3©=>i'^'^iB 
^ i;::-«i5^i^$jvfci^ 1 ©;^:^/<ffl3>'7'i^-!M 4 

y'-y^l 4 km2(Oy.-r^m='-^f:y^l 5 i:©iajcs 
©te©e^»i. ig5oh7:^;^Jfe»MDC-DC = >>'< 
[0 0 15] 5J:tc. iai ic^-t-f7i^;^»S®DC-D 

rt©«lXUt»2©;^-^-/<«aVf'>'f-l 4, ISiSjiC 

^mjl 1 ©m>E E * T?^:tv^ix@*{c^ffittT-*« ^? 
tbTV^S. r©i:#. y T^' ^/^6^cj££m;^^^s%^•f 
^©T^ Sjiffiy'l':^-K4*Si£:^[Rjlc^M7;^$iX-C 

Jtryr^' h/we. ¥?l=>>'7^:^f-7Xtfeiiffl^^-i':i- 
- K 5 ©ses-r-m«i;is«avv A# S JcEj6ta;^«ffi Vo 

looi 61 (W«iiaK9*»feh9V5^;^^'3©-<-;^itt 

ffitCtSt. i^l©;^-:>-/<ffl3>'x>'f-l 4*5 h7V:^ 
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;^^3, SKOm^ffl^^-f:*— Kl 9SVmi©iiI4ffl 
m^-yf-y^l S1^%2<r>^^]>Ti^ hA-2 1. %2 

2 0 Mc^fi^h^n^ma^mi. m i ©m^^ y t ^ 

h/H 8S.Xfm2<omi.mVr^ h/l'2 l 

^a$*t5. rixtl^i^J::. jEJiSmiSl a»e> 2 
roiiJc^iil2alcm5miif£IotcJ:!) h 7 2 iSiSiBI 
$tt> 2ft#«|2blc||l;^|fiirom£E«5^^U. EiSEffi/ io 
W K 4 *S)ll*|Sl \Z^Ur:^^i^,X^m^m t * 5. 

crott. b7>';^2<0 2jJ:#«2b«>e)»iSffl^^-<:i- 
- K4 Sr^LT y r^' h /we tcmiifEdJiiEH. yr^F/i' 

10 0 171 ;^-*-/'?lHiBi 3rto«iXV«2©;^-?-v< 

ffl3i^-r>iM4, 1 5roi^jg©mjE*s*jrii§o vi;i)S 

5*T'ijcmi-5t, mi©iHi^^'r*-Ki 9. mi 

©la^yr^ h/H 8, Kl 6. m 

2<r>m±mVri^hA'2l. flS2(0^^y^:t—V2 m 

2 su! h 7 V v?;^ ^ 3 <o&^x'mm-ti> nmtmix. fs 

l<om±^VTi^ h/H 85.t/m2©lHl^ffiy h/W 
2 l<03:;^/V"¥;6SftfflSit5. h9>'i';^^'3® 
:*-v»IIWtW:v h9>';^2fcJiEii5ia««i«t»!:J:9a* 

10 0 18] «|ffli|llK9*»e) h^vs?;^^ 3©^-;^iS 
h 7 2 ©liaEx;^;/!.^, ipt, h 7 i^:^ 2 ©SilK'f V 

^^-r:«— Kl 62Slt?mi©liI^^^'r:^-Kl 9Sr^L 
T« 2 => t/T' V1M 5 lc^*& » 2 ©IhI 

y T h/w 2 1 i;i#a$ttfc^4^/mf 2 <Dm± 
mif^:t-\'2 2 Rxfy^-r^my^ *-vi6 =s^^^ ut 

mi®;^-^-''<ffl3>'xi'-tH 4K:fti^$ix5. witJcJ; 4o 
rj, ;:^-t^<|Hl8Sl 3rt©miXt^Sl2 07.:f/<ffl3VT 
>'-»M4. 1 5©mflEmo Vi»f,|fe*tc±#i-i. r 
©tt©f7>'-:?;^^'3©3V^^'-3i5 y^jS^-rao 
mffitt. SlXTJ!m2©^-^>'<«3>'7*i'lM 4,15 
©"S-er ©laEOiftJlClS^ LV><D-e, h 7 ^'i^J^ ^' 3 © a 

[0 0 19] h7:^^2©ia8S'f v^^^^':^;^<o^^/i' 

^kmiRXJF^2<om±^Vrirh/Ul 8. 2 1(D3i;^ 
/I'^^ism 1 2 <OZ.i-/<m 3 i^l^ 1 4 , 1 5 IC so 



14, 1 5©«-*©ii54g(DmjEi6SitiffiSail<DmffiEJ; 
9tli5</i5. mi®;^:>-v<ffl3irf'>'f-i 
4©«i?fds h7:^;^2<0U5:#itl2a, ilCjifEWjig i , 

l<O^Sc.^i^>(:t-}fl 9XT/Bl©lHliffly h/P 

1 8(DSK-C-»c1ii-5t*»c, g2©;^-?-/<^ = y7':^ 
1M 5®«1?iJm2©lil^ffiyT^ 1, S2WlHl 
^^^^'f:*-- K2 2, h7>':^2©lft«l|2aXVa 

aEm2ii©iSK-ci!Sc«-t-5o IP*), mi»T/m2©^-^- 

^^^aVfVf-l 4, 1 5©«-«rC5ifig©®EiSji:Ml: 

jll©mffiESr«i^5t, %\3L-a%2a>y^i-^<m^:^ 
7'Vf-14, 1 SlcSl^t UTSa$Jlfch7>'>^2© 
aK'f v^j? y7.<r>3i^;viet% IRVm 2 ©04^ 
yT^h/H8, 2 l©3l;^/^^f^sMlXVi^2©IHl5fe 
0B17, 2 0Sr:JhLTii:«tmS[lK:|5!±$ji5. -t© 
«, ;^-f^<iaKi 3rt©|giXtJSf^2©X'?-/<ffl3:^7' 
Vf-l 4 , 15 ©mittt, ^:Jtm©M«©mffiiSiS«E 

miSi©«ffEJc«fu<*5ST'»ttu r©t#©ft 

ISHlfcia^SitfciK^/i'^W:, h9>':x.2(omm-^> 

if^ f':^:z.(o:^:^/i^af]z^^-ti, ;«.-i-/<|slKl 3rt© 
ml&V|g2©;^:^/<ffi3>'x^'f-l 4, 15©#*© 

ii«©«ffi*5B««gi©mffEfc«u<j5e5t, yr 

^ bA'6lcjS»e«;^jiS384i-5©-C, S«ffi^^-<:i--K 

4;!i5i2:;^[fi](^/<^T;^$JtTl^^S*^^t**3, VT^ 

h/i'6i»p,3i;^i/V'^ii5&ffi$*i,-cyr^' h/we, ^pttn 

V'^'Vf- 7Xt«5«ffi^-f K5 ©S»-Cm«EAS« 
It,, Affif8Jcii:js!Eta:^«BEVodi«ti^$iv5. 

[0 0 2 0] ±I5©J:5(-, *^©?gliT'li, ^7>' 
v?>^^'3iS;i->'*t®A»e>;i-7ttt8t^:5it, ^7^-:; 

3©:*-:^JHIBJ4'lJ:l|59$Hfcb7>';<2©BlKW>' 
^^^^'v;^©it^/W:¥tfElXt)fS2©E!^ffiyT^' h 
/H8, 2 l©3i^/va?(tj;!5, miiSltfS2©;^:>-/< 
^3>'x:^f-14, 1 5i5;E:Jx;en3EmSH5o r^xl- 
J:*), 1X0^1^2 ©;^ I'xr^-^-l 4, 15© 
«■* ©MiSg©mJBEdS|l5 0 V*»f,eS5/r C±#i-5 i *Hi, 
h 7 v-:?;^ ^' 3 © = w^' ^ -31 $ 5, ^rffl^iaom£E*si& 
OV*»P)IS5*|;i±#-t-5<DT\ Vy>'J:^9 2<09—> 
:i-7^K:*s»t5a U'^^'-ai' 5'^'S^ra©faE±#* 

fc, @5ic;^f?f*©^-^^<lHiKi o©J:p(cm;^«* 
*«ifei-5;^:^^<ffi«0tl lS:-&*)!cv^©-t?, h7>'i? 

jx^f 3®^'-i':i-7^^!:3g^i-5/'rx^1^-2?«ffi^S5 
t±9 h7>5?;^^3*5S»t5«a«;^H';^*fia* 
T-<S«i-5rt*swigt'i5. Hlc, ^1X15^2©;^ 
■t/<m-^>'f>"f 14,15 <0^^ ©il.Jg©mEEi6SiE«t 
maiil©«EESri6S^5t, miRUfi^2©;^-^/^ffi3 
>'7'>'-!H4, 1 5lcm^Sfi:UTSi«$jifch7V::^2 
®@l«^ i^^/':}' VX©at;^;/P^f t 1 Rtf^fS 2 ©11^ 

ffiyr^h/n8, 2 i©3:4;/w=¥Asm 1X1/^2 ©m 



9 

^lUKl?, 2 0Sr:frbt:i£iamMltciH]^$ix5o r 
^&MD C - D c 3 ©Slfea^Sr 5 t 

18.21 \zm^^iMt:^^/U^}ft^fl^flf^\RXfm 
2(D^^my^^-Vl9. 2 2S:^tTftffl^?n50 

T\ ^ifi.i;M2<oiHi^^yr^ h/n 8. 2i<D^a 
3i;^/u^Sr«lltc:^-^^<EIK 1 3 l Xt;i^ 2 o;^ io 

I 0 0 2 1 1 E 1 lc,1^-mjg(0?gS|iO h y i^:^immD 
C-DC3WW^fi^3|;65priBT-fe5p t?ll;ttf. 02 
\Z7r^^%m^m&<0 V y >:^1immD C - D C 3 

^tt. igijii^"rh7>';^*ejga!Dc-DC3w<-^' 

J5c#«|2 3aRt/2ft#ill2 3bS:^-r5:7 7>r^<y ^ h 
7:^:^2 3 (C$HU KSKU^y h 

JfeSMDC-DC^w^^iJ'tt. f^>v?:^^3;5S:^:^ 20 
^*fil<^itJcii:i)ESj||i;6*fc:7 7'r/^5'^ h7>';^2 3 
o 1 ft^jft 2 3 ^\z.mihnmiz. t^yy^^^y^ Vy 

h7>';^2 3(^®«>f>'^:;^:^^:x;^(^#aai4;/^:^ 
* 2 2 3 hRxmmm tr>( K 4 LT¥?I 

3 VT^i^f - 7 XU^ft«f 8 5 7 7 >r >:/ ^ 

y v;^«fe&MD c -D c 3 i^/^- i&i^«"efc So 
B1&i;M2 0;^'^/<^=i^^x:^1M 4, iSdSitSftm 

agi <omiEE*T•^r^i•?^^^^^c^•f®^4T*^a;^^^^T 

v^5o ^(^^^JiicT. Sil»lHlK9*^e>h7>^i^;^^3(0 

S 5 SJffll/^/v;^ ft-^mjE Vb ;55{S ix 

t>:^>'^*tlJc*St, BliO;^':^/<ffi=i>-x^^1M 4;6S 
h7>v^>^^3. »l<^Isl^^^;t— Kl 9At^^l 
(D^^^vr^ h/n 8 0KKTa:mr5^*i;i. ^2 4o 

1. »2(0[Hl^^^>r:^-K2 2&UJh7:/i^;'ti? 30 
MKT-iS1ii-5o rt^tt. ai<D[El^|5iiSl 7Xt;m 

2 oiHi^iei^ 2 0 ^^^C't^^•=ei^m^(ti5^Ei^^ 1 

liyri^ h/H 8Xt;S2c^I§I^^y TiJ^ h/W2 lJC:ii 

y>(y<y^Yyl^:^2Z<01 tf^m^. 2 3 alCfltHSmifi 
lo\Z^^yy^ Vyl^y.2 3<DW}^>Oy^^ 

hy>:^23<021k^Wi2 3blClft^&||2 3aaDaEt so 
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l;i2e:&f«J<om£E}&S55±U S^^^>r:r-K4;6SiS&;^ffii 
>x>-f-7;&*e>AlS8lcSiKi5JStt, Al^SjcEisSHl* 

[0023] ;^'^/<|s]K 1 3 1 2 <7);^:^y< 
ffi3>'7?>'HM4^ 1 5(Oi^ig(^SE3&s*lcftovjj:/j^ 

5*-eftmi-5t. si<oiii^fli^^>r:^— Ki 9. 

2(?D|HlifflyT^ h/l'2 1. ^2 0lHl^^i?'^:^-K2 
2 l(D3i;^/l-:¥i50rffi^cH5o h^^^i^y^^SCD 

;^-:^^8Pfl'?llx yy^y<y^ hy>:^23\cmti^B)m 
W.^\Z^9m^Lfj:\f^yy^y<y^ hy>7.23(0Ebm 

[0 0 2 4] mm^^9t^(b hy>i^y^^ 3(D^—?^i& 
^ tt 5 ffl® ^t-^mjBE Vb i)^^ u-</ui!,^ h 
(Sl^^/WcKfD. Vy^i^y^^ 3t'^:t>ii^m^h:tyi^ 
WiZfa^bs hy>i^:^if3a>:t>^m^^\zyy^^<y 
^ h y yy^ 2 3 (omm>f ^ >y^\cm^^ihfc:^^ 
A-^l-ct!?, fSlRXfm2<oy^i'y<m=^>''f:^'^l 4, 

3(0:i->m^^\zmi(D^±^VT^ h/H stc^a^c 

s\c^i^:^ti. m 2 <o^±mvr^ hJi- 2 wcwm^ti 

tL:xL^/i^eftm2(Om^m^^:t- K2 2RX^y^'ry<Fa 

U^^2(D;^-^-/<ffi=i>'r>'iM 4. 1 5(0®E:65P&0 V 

^^-a:5 5':^'ffi^F^(OmjE{t*. ^ 1 RX^m2 (Oyi-y< 
FS^yfy-i-i 4^ 1 5(D^^<DmB<0mzV&^L\^^<0 
X\ h7>v?^^303l^^^-ai^ v/^ffi^fB^(?5l|JE 
t»0V;!i^e>ft>«rlC±#-r5o 
[0 0 2 5] }.^:/;^2 Stoa^-r ^-^^ 

^ $ tvfc:^;^;/^^ g i ^xf^ 2 00 tffl y 

r^h/i^lS. 2 1\L^tl^tlWm^tlti:3i:^Jl^^\Ci: 

•9. ;^-t/^lHlKi 3rto»iXtf»2p;^-^/<«3i^7^ 

J£(Dm^ (Ni/N2)-Vo + E NiJiU5:#^ 
2 3 aO#». N2 }t 2 l^mm 2 3 bO^SSr^t") J: 9 

:*:t<45t. :77>r^<?/i5^ h7:^;^2 3<D2ft#i||2 
3b^c^e^?i^5mJE^cJ: t). S«£ffli$^^^-K4;65JH 

RXf$H2<Dy^i'y<m=i>7'>'i-i4, i5\cW^i:\.X 
1li9i^ti1tyy4y<y^ Vy>y^2 3(Dmt>(>^^ 

i^y(D:3^^;v^t^iRXJ^m2<om^m')r^ h/n 

8. 2 10^^A':¥iS||lXi;S^2(DlH]^lp3Kl 7, 2 
0. yy>(y<y^ Vy>y^2 3Rim.mmi^>(:^-Y4 
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t^-( K 4 UTtftliJ 8 lce«tlJ:^«ffi Vo *5 

[0 0 2 6] ±a<o J; p ic, la 2 

1 5 (D#* £DMffl<Ofiffi(D?PiS (N1/N2) • Vo + ES: 
*8;t5t. mlXt;:^2©^^:^>'^ffl = :^r^'f•l 4. 1 

yr^h/HS. 21 W:t^/i'^f d^SMffl ^^'f K 4 20 

V;^ 2 3 0®«x;^/l'*iJ^-C¥»3 V9*>'f- 7 \cm^ 

1 3 X'(Dm.t>m^m^±it-r. h y V7.mmmx> c - d 

[0 0 2 71 S3li^-f|li6©?glS©h9v;x« 

^^DC-DC3W^— h7>X2(DljJc^il|2 
aX V 2 ]5c«i^ 2 bt ffi^i^-g- U J.O 2 t^^m. 2 b t B^a 
tC«M$tvfc3JJc^i||2ct. 3*#i||2ctii:?lJlcSiK 30 
5 ixJi.o 3 2 c©«J9E V3 V'W-n 3 V'T'Vf - 7 

d^t LT©^7:/7'ffl^^^:t-K2 4 tSrti^fcftffi^' 
7 V'T'lUgS 2 5 «rgl 1 Iw^-t- h 7 i';^l6giS!D C - D C 
3 ©spjfa V'T'vf - 7 K:»UT3fe?BK:SiK Ufc 

t©T'fe5, -tcfiofil^li;, HllcS%-t-h7V;^ite8: 
SDC-DC = V/<-;5'i:B&l^«t?fe5, h7>' 
i^;^^' 3©3h:^«P^«t>lc*5Jt'5»f^tt*Jfi©® 1 f-^i- 
h 7 :^;!^i(fegtaD c - D c 3 :^At- t 5 o 

[0 0 2 8J ll3lJ:^i-f7>';^lfei&l!DC-DC3>' 

<e5i:^ l>9:'S?;^^3©;t>'ffll8l'<'»ch9v;^2©fi) 

xm 2 ©;«.-^-/<ffl3 Vt':/^- 14,15 

$ttS. h7>'5^;^^'3©:i-:^«IS'fK^ 

>'<ffl^'>f :i— K 1 6 Xt/i^ 1 ©a^ffl^^ K 1 9 -S: 

:JM.Tm2©;^:>-^<ffi = i'x:/lM 5t«i^$tL, i^2 
oE^ffly ^/^2 1 lcSg|$*vfc3^^/V'^*siF2© so 
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Is]^ffi^^'(':i--K2 2 5.u:;^•:^/<ffl^^'f:^-Kl 6 Sr^ 
tt:i^l©;^-t^^^3i^x>'lM 4ic«i^$n5. m 
tciO, :*-f/<lHlKi 3rt©»lXV«2©;^-^-/<ffla 

VxVf-14, 1 5romff*5B&0 V*^P>^-!r»C±#i- 
5o w©tt© h7Vi?:^^ 3®::3V^'^-3i$ .x^Jg 

^ra©®Ee, MiXD^i;2©;^-^/<^3>'xvf-i 

4. 1 5©'fr*©«JE©jBJlCl»^LV"'©-C, h7i'S?;i^ 

^'3©3v^^'-3i$5, ^«g^ra©m£E 0 V 
[0 0 2 91 h7:^;^2©®KW>'y^'^>';^(;i#a$ 

ixfc3i:^^^tf51X05S^2©IiI5fefflyT^ h/H 8. 
2 UiSaSnfc3:;^/P^tcJ:»). ;^:>-/<lHlK 1 3 rt© 
i^lSVm2©^^:^^<ffl = yx>'1M 4. ISAS'tH-P 
n^ll^iX, h7>'-:^:^:?3©3V'^'^-3;« .j/^rjg-?- 
ia©mffi#iS«^m«Sl©«EE4rilSx.5t» h7i';^2 
©U5:^ill2atci5::fyr6)tcmffi5Bi*D$tL5„ rixfcj; 

h7:^;^2©3ft#i^2dwt lft#i||2a©li;ffii: 
PStt. IP*>3!?c#«S2c©T«*ijEffitt©mJEji5Rfi 

rr-c. h9:^i^;^^'3©3W^^'-3:«5,^r 

iffi^r5©lJE?rVQ t h7>';^ 2©li5:#i6|2a, 2 
JJ:^i6l2b, 3J5c#l82c©#SlttrNi : N2 : NatL- 
1zM^^ f7i^::^2©lft#i^2a©ffi^mE»iVQ-E 
i:<e5*»e>v b9v;*2©3J!(c#l»2c©W«g©«£EV3 

(Vq-E) • (N3/N1) t/£5c 
[00 301 h7>'v?;^^' 3©3^^'^-3:5 
ra©mffiVQiS (N1/N3) • Vo + Eit) t)i§<Ji5 
i:, h9x;^2©3ft«!il|2c©W«S©«ffiV3*5S|E?t3 
>'7'>'f-7©Mffl©®EVoSrSx5©T\ mjgE^'7V 

-fm% 2 5 © 7 VT'^ ^^-r K 2 4 tmwm. h 

JiO. mi&t5^2©;^-^-/<ffia>'7'>'f-l 4, 15C 
h UTS a $ nfc h 7 2 ©aiK'f -y^9 9^^7. 
©3i;^i/WSft^lSt;^2©IslSfeffi!;T:i' h>'H 8. 2 
1 ©3i;^c/W^f iSmflE^ 7 V'T'lHlK 2 5 Srrfi- L-C¥?S3 V 

7':^1^7^c|HI^^ti^5. rjxi^iJ:?), h7:^i^;^^'3© 
©h7>';*2©l?5c^i6l2a©«^liJE (Ni/N3)-V 

oi:ii:sitmiii©mffiEt©fp©ffi, ip*, (ni/N3)- 
Vo^-E•r•^7>-7•$i^5. 

[00311 LfciJoT. m 3 ti^1:lll6©J^fi8»J:fev^ 
TtEiK:^i-||IS©Jg«Stl^»ic. h7V-:?;^^'33^ 
is-V^%.t^h±y^mhfii^h^\ZVy^y"y-7.9 ZfO^ 

■f-5©-C. 3©^-~>':i-7^fcfe»t53V' 

^'^-31$.;,^?ffl^^©«E±#^iJfllffi|^^Jt,, />fX 

Illfi©?gfi8tl^«»::: Vy>'^7^9 Z<n>9~i^iirynVi% 
5o h7>';^2©3^Jc^i»2c©liJEV3;!iS¥Jt3 

:^7:^1^7©llffiVoS:ISx.6t, y >':rm¥ ^ ii^— 
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i^2a(?5ffi^mJE (N1/N3) • Voi:iEiffieaglO«E 
EttDfPCOffi. fiP'b (N1/N3) • Vo + E*t?i5^7>^7'$ 

OflJEVoSr {N1/N3) • Vo + EtcS!|[K"t?#5o 

:k:/^mjE;65^SDSiX'5 r i:t^±X% ^m^ii^h^o 
[0 0 3 21 4fc. B4tC^||JS(^?gffi<Dh7>;^ite 
aSDC-DC^w^-iJ^tt, h7:^:^2<?5i»:«IS2 
aXT^ 2 ft^iS 2bt K^Je-g^Ul.o 1 2 at 

l-SJg!^?tvfc3 9:#)g2c<?:. 3ifi:mm2ctmi\mm 20 
S ^LjLo 3 2 cc^mflE V3 255iEiKmiS 1 <D«E E Sr 

<Di^ 7 K 2 4 1 Sr«ife«JE^ 7 ^r^lHl 

^ 2 5 5rS 1 ic^-r h y ^y^tt^^D C - D C =1 

^oejKmigitc:»LT3fe?tiicSJKufcto-efe5o 

■**5o 30 

[0 0 3 31 S4Jc^i-b9>:^teSS[DC-DC3:^ 
h^>'i;;^^3;^:tV4*^;5^fe:^-7ttffi{C 
h7:^i^;^^^3<D;i-:^»3K*lch7>':^2<0© 

TJ^||2(0:^'^/^ffi3^^7^>'f-l 4. I5*5^*t€ix^« 

^tt5o rtbt*!;^. h^:^i^;^i5'3(o;^->'^r^*jcm 

^'^ffl K 1 6 RXim 1 ©El^ffl K 1 9 

:frUTm2<o:^-:^/<ffi=ii^7^>lM 5lc«J^Six. if 2 

\.xmi(o:^i'^<m^>f>^iA\z,^t^^ii^. rix 
Icit), ;^*^-/^0Bi 3rt©^iXt/S2<D>^'^^ffl3 

4, 1 5(0*><r<D«BE(03ftUCI»^f UV^O-^, 
[0 0 3 41 h7:^;^2(?5S«^>-^^^>';^iC^^? 50 
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jXtL:3L:^^;V^t%\Rn%2<OW\^'}T^ Vj^I 8. 

2 l^cSas^^fc3l;i;/^:^^::J:^9. -x:^/'?IpIKl zfy<o 
m 1 St5^ 2 (0;^i-y<^ =1 1 4 , 1 5 :6S-?:ix-? 

fl^n^tl. Vy>i>:^^ 3<Oz2U^ ^-o^^y^^^ 
Pa(DUE365ili£l|j!Il(^IUEESrj6lx.5i. h7>';^2 
(Oi&^jtS2alca&*ffinc®E365B]jD$n«»o rixJcJ: 
0, h7>';^2(D3jJ:#«l2clCt lft#j»2aOmJEi: 
f^ffitt. H3^>3^>C#j||2c(^±«dS:ft«tt(7)mjE355|gfi 

ffi^iaomJES: Vq t U h7y;^2<^)l&^lft2a. 2 
?:^i^2b. 3»:^j^2cO#&itSrNi : N2 : NsirU 
fi4l^. Vyl^y^2(0 1d^mU2^a)t&^nS.\tV^-'E 
tfli>t^h. Vy>:^2(0 3t^%U2c(On^(On&Vz 

\m3\:i7r^'t%^(om&tnmz (vq-e) • (N3/n 

1) i:*5o 

[0 0 3 5] h^^-i^x^^ 30='l^^>jr_3:^ 
^(on&W^t^ (N1/N3) • E + Ei!) tii5</j^-5i:. 

h 7 2 (D 3 &#j|ft 2 c<DMffl80«E V3 3&5iEJ6maS 1 
(DmjEE«rjffii5<?:>T% mJE^7>':^lHlK2 5rt(D^7 
vyffl^><;^--K2 4;65^ili^^t*9. ®lSt;^2 
to;^-:?-/<>l3>'x:^f-l 4. 1 SJcm^t LT^SSjx 
^ h 7 2 (omm^ 9 t 1 x 

XI%2(Om±m))T^ Vj\^\3. 2 1<0=^^/V^t'^mS: 

{7y:/':r^^2S^^\^x%mMM\\z.m±^ir\.^, ^ 
Jtlcil?, Vy>i^:^^ 3a:>::iv^if-':3L^y^^^f^ 
(OmjE Vq ^53:;^;/^:¥Ipl^^(0 h 7 >';^ 2 1 Jfc^iSI 2 a 
(^Jg^lBE (Nj/N3) • EiiEigSSlc^mjEEtO 
fniDM, IP^) (N1/N3) • E + E-e:5^^>':/$ix5o 
[0 0 3 61 L^;d5o-C. la4^c^-mi6o?gls^c:fev^ 
-Ctailc^-r^lEoj^ffitl^filK:. h7:^i^:^^3*s 

■r5(0T%. hy>i^:^i^ 3<D^—>:tymz:i6\f^=iU 

^m(ommtmm^ h y >iyy^ ^ 3a>^-i^:tymz^ 

-5a b7V>^2(0 3ft^»2cCOmjEV3 365ii:iiS 

mmikmtfj:^. mi&x^m2(o:^')'y<^=i>y'>^'ti 

4. 1 5JcmiltiLTSa$tlfch7>';^2©®«>f >^ 

/H8, 2 l(03i;^/V^;65mflE^^>^y^lHlK2 SSr^hL 
T^i:^6m^gl^c|HI^SJ^^^^5T^ ailc^-t-|llS(?5?^^ 
k mm\:::^i'y<m& i 3 -e<^S:^a*d5«^^-f . h y 
>:^immD C - D C =1 (0aEiftaipSritG±1-5 
Ztt^^mtfi^o 04lc^^j66(D^lS-eil. 
ji^/w=¥lHl^«p|:: h y yi/y> ^ 3(t>zi\^^ ^-^X y^ 
S^McOttE Vq h 7 2 1 2 a(0«8^ mjE 



(9) 



2000-184710 



15 



16 



(N1/N3) • Etw.WLmmi(oms.Et(Difa(Dm. bp 

*> (N1/N3) • E + E-C^9>':/*H5©t?, h'?> 
i;^^'3©aW'^^'-3i5y^i8^-IB®ttBEVQSr (Ni 

ID 0 3 71 *^?g©||igB«ttgJI5©=&lliS©3^1i(C 

K2 0^Sr«fi£i-5m2(Oll]4ffiyT^' h/i^2 lXt;^2 
©la^ffi/^ K 2 2 (0^tmr¥i:m\^i-i> r i t of 

UfcJgtSSr^UfcdS, MOS-FET (MOSMli^Sb 
. J-FET (S^MS#S{l;^h7>' 
i?;^^') . IGBT (l6&^'-H[>'MsK-7 h9>'-:? 

[0 0 3 8] 

- ^-^7 ^1' jo It 5 Miffi^P^ ©SJE±#^Sr{£a5feT- 

IStt©ii5V ■> h 9 1^;^ IfeRMD C - D C 3 W^- ©31^ 

ffi!llCl5]^^5jx5©T?. ;^-f/<lHlK-C©aife3)S^^ii-f. 30 
i^v^Elftai^© h7V;^*68afDC-DC3^'/<-^'Sr 

SrfiifE¥?&lHlK©ffl;^ig^X«:itiiffi«ailJ:*t UTSfe?!!!:: 



M^^M©ftE*5#3t©«JcSJK*ii5©T% 

Iiail *^M©-^i6©?^«l«r^h7i';^if6igiM 
D C - D C 3 ©aaiHiKH 

[02] 01 © hf^XitegiSDC-DCaW^-^' 
©3gHllig©^flgSr^1-S^lHlKB 
IS 3] *3SM©<tfe©ld6©J^S8**-rh7:^^«&gi 

an c - D c 3 v/^- ^ o«tciHiKB 

[04] *%?g©t5-o©te©||iS©Jg|i!Sr^i-h 
7 :^;^iteigMD C - D C 3 ©m^EKH 

[05] se*© h7>';*ite&aDc-DC3w?-^ 
[??-i-©lftlg] 

1 • • BiiitllSI. 2 • • 2a- • 

ill. 2b- • 2J>:#iS, 2c- • BRitiH. 3 - • 

-(*-Y mMmwm=f) . 5 • • mm ^4 nr- 
K m^m^mM:=^-) , e • - yr^' h/K 7 • ♦ 

10-- ^-^-z^illKx 1 1 • • 7.ir^mm.. 1 2 

• • ^:^-'^ffl3 VT^vf-. 13 • • 1 
4 • • Bl ©^-^-/^ffl^vx^l^. 15 --^2©;^ 

•t^^fmSitk^) . 17- '%\<nm^W&. 1 8 

• 'f^i(D^±^vr^ h/w 1 ©^^/w^#a[# 

. 19- •^l©i5|±ffi^^-i':t-K (mi©Ii]^ 
fflSiKig^) . 20 - •^2©lHl4SlK. 2 1 - • 
m2©|Hl4MyT^' b/l- ai2©a:^A'^||«#a) . 

2 2 - •fS2<o^±^yy(^-h' m2(om±mmm 

, 2 3 - • 77-{y<i/if h7>7, 2 3a - 
- 1*^*1. 2 3b- • 2J>C#itl. 24--:^7i'7' 
ffl^^W:*— K (ir 7 >'rfflS«E5l?^) » 2 5 - • m-E 
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K 17>^22>j^13^14. 
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